With the recent development of intense (10 21 W/cm 2 ) short pulse (≤25 fs) laser with very high contrast, Localized Surface Plasma Wave (LPW) can be now explore. They can be viewed as a generalization of the surface plasma wave in the relativistic regime. As the LPW propagates with a phase velocity close to the speed of light it may results in a strong acceleration of electron bunches along the surface permitting them to reach relativistic energies. This may be important e.g. for applications in the field of plasma-based accelerators.
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We investigate in this work the laser excitation of surface plasma wave on grating preformed over-dense plasma in the relativistic regime ranging from 10 19 to 10 21 W/cm 2 . We discuss the nature of the interaction with respect to the solid case in which Surface Plasmon can be resonantly excited with weak laser intensity. We show that the localized plasma wave excitation is robust in this relativistic regime resulting in energetic bunches of fast electrons which run along the plasma surface.
All the simulations were performed using the HPC BlueGene/Q IDRIS resources from the GENCI Grant number 2015-2016 / 056851. 
